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STUDY GUIDE 


This short revision Unit has only two components: the text and a TV prog- 
ramme. Your total study time will depend upon the extent to which you 
refer to other Units, but you should set aside about three hours for reading 
the text and watching the TV programme. Before watching the programme 
you should read the TV Notes (Section 2). It will be helpful if you have also 
read Section 1.4. 


ESBIOLOGY REVIEWED 


Having now studied the $102 biology Units, you will be aware that bio- 
logical phenomena can be considered at various levels: ecosystems, com- 
munities, populations, organisms, organs, tissues, cells and molecules. It is 
not always easy to interrelate these levels of explanation. You have also 
been introduced to a large number of technical terms. This Unit is designed 
to help you test your understanding of some of these key terms and the 
biological phenomena that they describe. New material is included in this 
Unit only to the extent that it provides fresh examples of familiar ideas. 


A large number of linked SAQs are provided, which relate to the Objectives 
of previous Units. These test your recall and understanding of parts of the 
biology Units that you should recognize as particularly important. You 
should usually be able to answer the questions without reference to the 
other Units or to the Glossary; but by referring back when necessary you 
will be consolidating your grasp of biology. You should also find this Unit 
helpful in preparing for the examination. 


In this review, we start by considering the diversity of living organisms, and 
how it contrasts with the basic structural and functional unity at the level of 
individual cells. The review continues through inheritance, evolution and 
natural selection, molecular biology, biochemistry and physiology (as exem- 
plified by the process of digestion) and finishes with ecology. 


We hope that this revision package will provide you with a useful overview 
of the material in the biology Units, and that after studying it you will be 
more confident about your understanding of the subject. 


|.| DIVERSITY AND UNITY 


Living organisms are remarkably diverse. The system of classification 
devised by Linnaeus in the late 18th century to cope with this diversity is 
still in use today. The largest taxonomic category in this system is. the 
kingdom. 


SAQ | (Units 19 and 21) Name the kingdoms that are recognized in 
$102. 


SAQ 2 (Unit 21) Place the following categories below kingdom in 
correct (descending) hierarchical order: 


i Heiss * pa 
rder e) Class 
(c) Family (f) Phylum 


Despite the diversity of organisms, at the level of the cell there is underlying 
unity. 


SAQ 3 (Units 19 and 20) Give brief definitions of the following terms 
and place them in correct (descending) hierarchical order: 


(a) Cell (d) Organism 
(b) Organ (e) Gene 
(c) Organelle (f) Chromosome 


SAQ 4 (Units 19, 22 and 24) Outline diagrams of (a) an animal cell, and 
(b) a plant cell are provided in Figure 1. Name the eight structures labelled 
A-H. 


chromatin F 
nucleolus 


e 
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H we coll eal 


cell membrane (b) cell membrane 


FIGURE 1 Outline diagrams of (a) an animal cell, and (b) a plant cell; for use with SAQ 4. 


The underlying unity applies not only to the structure of the cell organelles, 
but also to their function. 


SAQ 5 (Unit 22) Look at Figure 2, which shows outline drawings of two 
cells. 

(a) Which is the animal cell, and which is the plant cell? 

(b) Name the organelles A and B. 

(c) What is the major process occurring in organelle A? 

(d) What is the major process occurring in organelle B? 


O, CO,+ O, 
CO,+ 


H,O 


carbohydrate 


co, (b) 
(a) 


FIGURE 2 Schematic drawings of two cells; for use with SAQ 5. 


PL CELL BrVvistonN 


A fundamental characteristic of all living organisms is the ability to repro- 
duce themselves. The basis of both reproduction and growth is cell division. 


SAQ 6 (Unit 20) There are two types of cell division: mitosis and 
meiosis. 

(a) What is the main purpose of each type of cell division in multicellular 
organisms? 

(b) How do the cells resulting from the two types of division differ from one 
another in their genetic make-up? 


(€) 


FIGURE 3 A number of cells in the 
process of cell division; for use with 
SAQ 7. 
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FIGURE 4 An animal cell 
undergoing meiotic division; for use 
with SAQ 8. 


SAQ7 (Unit 20) Figure 3 shows cells at different stages of meiosis. 
(a) Put them in the correct sequence. 
(b) Name each stage (e.g. prophase I, anaphase II). 


(d) 


SAQ 8 (Unit 20) Figure 4 shows a cell at a particular stage of meiosis. 
Name the stage and name the structures A-G. 


SAQ 9 (Unit 20) In what ways would a cell at the equivalent stage in 
mitosis differ from the cell shown in Figure 4? 


|.3 INHERITANCE 


The behaviour of chromosomes during meiosis explains the patterns of 
inheritance discovered by Mendel during the 19th century in his experi- 
ments with peas. 


SAQ 10 (Units 19 and 20) Distinguish between the following terms: 
(a) Gene, allele and locus 

(b) Chromosome and chromatid 

(c) Recombination, crossing over and independent assortment 

(d) Heterozygous and homozygous 

(e) Genotype and phenotype 

(f) Dominant and recessive characters 


One way that changes in the genotype of organisms are brought about is by 
mutation. 


SAQ I! (Unit 21) Which of the following statements about mutations 
are true and which are false? 

(a) Mutations are rare for any given gene 

(b) Mutations occur at random 

(c) Mutations can be caused by ionizing radiation 

(d) Mutations are usually advantageous to the organisms in which they 
occur 


In order to give you practice in solving genetics problems, we shall consider 
a hypothetical example. These are difficult questions; when you have 
tackled them, read through the answers carefully to ensure that you under- 
stand the genetics in Unit 20. 


A laboratory population of mice is known to have been black for many 
generations. A brown female is born in a litter which otherwise consists of 
black mice of both sexes. The allele for brown arose as a result of a muta- 
tion (possibly several generations previously). In order to decide whether the 
brown character is dominant to black or vice versa, work through SAQs 
12-15: use B for the allele for whichever colour is assumed to be dominant 
and b for the allele for the recessive character. 


SAQ. 12 (Unit 20) If brown is dominant to black, what would be the 
possible genotypes of the brown mouse and her parents? 


SAQ 13 (Unit 20) What would be the possible genotypes if brown iS 
recessive to black? 


SAQ 14 (Unit 20) If the brown female’s father was not available, what 
crosses would you perform to establish which character (brown or black) is 
dominant? For each cross write down both the genotypes and. the pheno- 
types of the offspring that you would expect to be produced. (Hint Consider 
mating the female with a brother.) 


SAQ 15 (Unit 20) Suppose that six offspring were produced as a result of 
the cross shown in Figure 10c and that all were black. Could you be certain 
that brown is dominant? 


If the brown character is dominant, the brown female must have resulted 
from a new mutation: b (black) ——> B (brown). However, if brown is 
recessive, then there must in the past have been at least one B:(black) —— b 
(brown) mutation, with the b allele remaining hidden in heterozygotes that 
had not previously mated. 


As well as experimenting to discover how single characters are inherited, 
Mendel also studied the simultaneous inheritance of two characters. 


SAQ 16 (Unit 20) Suppose that the original female was brown as a result 
of a new b —— B mutation, and (unlikely though this is) at about the same 
time a male mouse was discovered in the same population with a short tail 
as a result of a new t ——> T mutation. What would be the genotypes and 
phenotypes of the offspring of a mating-between them, and in what ratios 
would they occur, if you assume that the genes are on separate chromo- 
somes? 


14 EVOLUTION AND NATURAL: SELECTION 


The diversity of extant species is the result of evolution which has involved 
genetic changes in population. One agent of evolutionary change is natural 
selection acting on the phenotypes of individuals within the population. 


SAQ 17 (Unit 21) Give brief definitions of the following terms: 


(a) Evolution (d) Fitness 
(b) Natural selection (e) Adaptation 
(c) Population 


Darwin’s visit to the Galapagos islands convinced him that species change 
over time (TV programme ‘Darwin and diversity’). The islands, which are 
volcanic and would therefore have initially been without any animals or 
plants, are thought to have been colonized by weak-flying finches from the 
mainland, carried there by the trade winds (Figure 5a). Evolution occurred 
on the islands, resulting in several species of finch, some of which are suffi- 
ciently distinct to be classed as different genera (ground finches, Geospiza, 
warbler finches, Certhidia, and tree finches, Camarhynchus). None of the 
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FIGURE 5 _ The Galapagos Islands. 
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(a) The position of the islands in relation to South America. (b) The islands of the 


archipelago. The fraction by each island shows the number of endemic species on the island over the total number of finch species 
on the island. 


Geospiza magnirostris 
large ground finch 


Geospiza conirostris 
large cactus ground finch 


Geospiza difficilis 
sharp-beaked ground finch 


FIGURE 6 _ Three of the finches of the 
Galapagos Islands. 
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species found on the islands is found anywhere else; they are endemic to 
the Galapagos Islands. Furthermore, some are endemic to individual 
islands. The total number of finch species on each island, and the number 
that are endemic to each island are shown in Figure 5b. 


SAQ !8 (Unit 21) Ground finches, Geospiza, eat mostly seeds, their 
beaks being well adapted for manipulating the seeds and cracking them 
open. Three ground finches are shown in Figure 6. Their bill size varies. 
What hypothesis might you advance about their diet? 


Even if such species were to inhabit the same island they would be unlikely 
to be competing for the same food source, i.e. they would be likely to 
occupy different niches. Darwin asked the question ‘How could such differ- 
ent species have evolved from a common ancestor?’ The answer he came up 
with was natural selection. 


All three of these species, G. magnirostris, G. conirostris and G. difficilis are 
iound on Tower Island. Only the latter two are found on Culpepper Island. 
The average beak dimensions of the finches on the two islands are given in 
Table 1. 


TABLE 1 Average beak sizes (in mm) for mature finches of the genus Geospiza. Of 
the two figures under each name, the first is the length of the beak, and the second 
the depth. 


Species found on 


Ecological type of finch Tower Island Culpepper Island 
large ground finch G. magnirostris 
16.5, 21.1 
G. conirostris 
| 15.0, 16.5 
medium ground finch G. conirostris 
14.4, 13.0 
G. difficilis 
11.3, 9.0 
small ground finch G. difficilis 
9.4, 7.9 


SAQ 19 (Unit 21) Compare the beak sizes of G. conirostris on the two 
islands. Now compare the beak sizes of G. difficilis. What are the differ- 
ences? What appears to be the effect of the presence of G. magnirostris on 
G. conirostris and G. difficilis on Tower Island? 


SAQ 20 (Unit 21) Account for the changes in beak size in G. conirostris 
in terms of fitness and natural selection. 


SAQ 21 (Unit 21) The number of different species and the number of 
endemic ones are not evenly distributed over the islands (Figure 5b). 
Describe any patterns that you can see and suggest how they may have 
arisen. 


So, in the Galapagos Islands we have an example of colonization from the 
mainland—probably by a single species of finch—followed by speciation 
because of (a) geographical isolation, and (b) competition for niches. The 
different populations diverged and eventually became reproductively iso- 
lated, and hence distinct species. 


The TV programme ‘A question of balance’ deals with further aspects of 
island biology (see Section 2). 


l.5 MOLECULAR BIOLOGY 


If the difference in coat colour in the hypothetical example of the brown 
mouse that we considered earlier was the result of a single gene difference, 
we could deduce that there must be one changed protein (perhaps an 
enzyme) in the chain of reactions that produces coat pigmentation. 


SAQ 22 (Unit 24) Complete the following description of protein synthe- 
sis by selecting the appropriate terms from the following list: amino acids, 
DNA, mRNA, polypeptide, tRNA, ribosome, ribosomal RNA. 


The mRNA molecule has a precise sequence of bases complementary to the 
sequence of bases on the coding strand of................ Each amino acid is 
brought to the correct location on the mRNA by a small ................ 
molecule. If the sequence of bases in the DNA is changed, there will be a 
changein tie. 2.0. gm cscs sequence, and thusinthesequenceof................ 
eR veceler ama ee iN: thesis ysis. Chain. 


SAQ 23 (Unit 22) What are the possible structural consequences of the 
substitution of an amino acid in a protein? If that protein is an enzyme, 
what are the possible biological consequences? 


In the chain of reactions that produces coat colour in brown mice, one 
protein, perhaps an enzyme, must be different from the equivalent one in 
black mice. Thus the difference in coat colour in the mice is ultimately the 
result of a change in the DNA code for one (or more than one) particular 
protein. 


SAQ 24 (Unit 24) Which of the following changes in the DNA coding 
strand is likely to result in an enzyme with unaltered function? 


(a) Substitution of a single base 

(b) Deletion of a single base 

(c) Insertion of an extra base 

(d) Deletion of a sequence of three bases 
(e) Insertion of a sequence of three bases 


It is possible to determine the sequence of the amino acids in proteins. 
Suppose that examination of the sequence of the normal protein in black 
mice and the mutated protein in brown mice showed that the mutated 
protein had glycine in place of valine. 


SAQ 25 (Unit 24) From Table 2, what are the possible single base 
changes in the DNA that could have produced the substitution of glycine 
for valine? 


TABLE 2 mRNA codons 


Second letter 


UAU Tvr UGU = 
mer | acl” 
UAA stop | UGA stop 


UAG stop | UGG Trp 


third 
letter 


AUU 
AUC }lileu 
AUA 

AUG Met 


The abbreviated names of amino acids are as follows: Ala = alanine, 

Arg = arginine, Asn = asparagine, Asp = aspartic acid, Cys = cysteine, 

Gln = glutamine, Glu = glutamic acid, Gly = glycine, His = histidine, 

Ileu = isoleucine, Leu = leucine, Lys = lysine, Met = methionine, 

Phe = phenylalanine, Pro = proline, Ser = serine, Thr = threonine, 

Trp = tryptophan, Tyr = tyrosine, Val = valine. You do not need to remember 
these abbreviations. 


1.6 DIGESTION 


Although you studied biochemistry and physiology in separate Units, the 
two subjects are closely linked. Both deal with metabolism and its conse- 
quences, one at the cellular level, the other at the level of tissue and organ. 
You have seen how glucose reaches the cells via the bloodstream, how the 
level of glucose in the blood is maintained by the liver, how glucose is 
broken down in the cells, and how the products of this catabolic process are 
used or removed. We shall now use the information in Units 22 and 23 to 
review a number of physiological and biochemical processes bearing upon 
digestion—the means by which glucose and other small molecules reach the 
bloodstream from ingested food. 


Figure 7 shows the organs of the human digestive system, and the pH 
values typically found at several points after a meal. (The pH value of the 
stomach varies with the amount and type of food present.) The glands that 
open into the mouth produce saliva, which contains the enzyme amylase. 


FIGURE 7 The digestive system of a 
human, showing pH values shortly after 
a meal. 
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SAQ 26 (Unit 22) What is the effect of saliva on polysaccharides such as 
starch that occur in food? 


SAQ 27 (Unit 22) Complete the following description of enzymes by 
selecting the appropriate terms from the following list: active, activation, 
amino acid, binding, enzyme, globular, higher, lower, lowers, primary, 
product, raises, shape, substrate. 


Perviits O06 ..c.. sce proteins. Each has a................ -order struc- 
ture dictated bY HS 25 2.31.5... structire of a sequence of |... ..<..:..... 
residues. An enzyme ................ ee energy of a reaction, 
as Conseauenee Of Fo. 2 ee. ee | site. 
Ee. ep ore se Perea is then released from the active site, leaving the enzyme 


unchanged. The specificity of the enzyme is a consequence of the 
ieee re sae, of the active site. 


SAQ 28 (Unit 22) Complete this reaction that is catalysed by amylase. 


ADIVIORG + Sins chevsees sss SF eee cc cn ceeeee 


SAQ 29 (Unit 22) A sample of amylase derived from saliva was added to 
4 tubes (A—D) containing starch. Tubes A and B were maintained at pH 2 
while tubes C and D were maintained at pH 7. Tubes A and C were incu- 
bated at 30°C, tubes B and D at 40°C. In which tube would sugars appear 
first? Explain your answer. 


SAQ 30 (Unit 22) When the mixture of food and amylase from the saliva 
reaches the stomach, will the rate of the reaction catalysed by amylase: (a) 
speed up because the temperature is higher, (b) cease, or (c) continue until 
all the polysaccharides have been completely broken down? 


e 


The stomach contains a number of enzymes including pepsin, which hydro- 
lyses the peptide bonds in protein molecules to produce smaller peptides. 
The low pH of the stomach is due to hydrochloric acid produced in the 
gastric secretion. 


When the stomach contents have become sufficiently fluid through contin- 
ued digestion they are passed through into the duodenum. 


11 What is likely to happen to the pepsin when it reaches the duodenum, 
where the pH is normally 7? 


a The pepsin is likely to be inactivated by the change of pH. 


The acid fluid arriving from the stomach may temporarily make the duo- 
denum more acid, but as the pH in the duodenum falls stomach emptying is 
inhibited until the pH level becomes more alkaline. 


[1] What sort of control system is operating to limit stomach emptying? 


M@ Stomach emptying is under the control of the duodenum via a feedback 
loop. In addition, the degree of distension of the stomach wall influences 
emptying. There is a valve—the pyloric sphincter or pylorus—between 
the stomach and duodenum. The pressure developed as a result of the 
contraction of the muscular walls of the stomach, forces fluid through 
the pyloric sphincter. These muscles are under the control of vagal 
nerves of the parasympathetic system, as well as nerves from the sympa- 
thetic system. 


SAQ 31 (Unit 23) Identify the effector, reference and monitor in the 
control of stomach emptying. 


SAQ 32 (Unit 23) Where would the monitor get its information from? 


SAQ 33 (Unit 23) Is control from the duodenum exerted by positive or 
negative feedback? 


SAQ 34 (Unit 23) Is stomach emptying an example of a homeostatic 
system? 


The duodenum is the first part of the small intestine, from which mono- 
saccharides are absorbed into the bloodstream. So, partially hydrolysed 
polysaccharides arriving from the stomach have to be further broken down 
by various enzymes, including one secreted by the pancreas. 


SAQ 35 (Unit 23) What other digestive enzyme is this pancreatic enzyme 
likely to resemble, and what pH value is the fluid secreted from the pan- 
creas likely to have? 


Bicarbonate ions play an important role in maintaining the alkalinity of the 
pancreatic fluid. They are derived from the blood. 


(1) In what component of the blood is bicarbonate mainly found? 


@ Although some bicarbonate occurs in red blood cells, most of it is 
located in the plasma. 


Bicarbonate in the blood plasma within the pancreas forms CO, which 
diffuses into the pancreatic cells. Bicarbonate is re-formed and passes out in 
the fluid secreted into the duodenum. 


SAQ 36 -(Unit 23) In view of the fact that bicarbonate formation occurs 
in the pancreas, what enzyme would you expect to be present in the secre- 
ting cells? 


SAQ 37 (Unit 23) There is a large capillary network in the wall of the 
intestine. To what organ does the blood go when it leaves the intestine? 
What is the advantage of the blood not going directly back to the heart, as 
you might have expected? 


SAQ 38 (Unit 22) In what form is glucose stored in the liver? Suggest 
biochemical reasons for glucose not being stored in an unaltered form. 


Control of blood glucose level is exerted in part via hormones. 


SAQ 39 (Unit 23) There are three main hormones involved in the regula- 
tion of blood glucose levels. One of the hormones is insulin. What are the 
other two? Where is insulin produced? 


SAQ 40 (Unit 23) Is blood glucose level regulated by a homeostatic 
system? 


Dimas gal n 


All the food eaten by animals comes ultimately from plants. Plants have the 
ability to derive energy directly from sunlight and transform carbon dioxide 
to organic molecules. 


SAQ 41 (Unit 22) State the equation that summarizes this photo- 
synthetic process. 


SAQ 42 (Units 22 and 25) Which of the following definitions applies toa 
heterotroph, and which to an autotroph? 


(a) An organism that is able to build all the organic molecules it requires 
using carbon dioxide from the physical environment 


(b) An organism that needs to take in ready-made organic molecules from 


’ the environment 


Autotrophs (also called producers), mainly plants, trap energy from the Sun 
and produce organic molecules. Heterotrophs (also called consumers) 
consume autotrophs or other heterotrophs and utilize their organic mol- 
ecules. 


SAQ 43 (Unit 25) One of the four major sub-divisions of the consumer 
group is carnivores. What are the other three? 


All these groups of organisms are linked together, since the ultimate source 
of the energy in the environment is the Sun. The flow of energy through the 
environment can be followed once the relationships between organisms 
have been identified. Here is an incomplete food web found in ponds. 


Phytoplankton —— zooplankton —— insect larvae ——> fish 


Study the data in Table 3 and then answer SAQs 44-47. 


TABLE 3. Gross primary production, consumption and respiration in a hypo- 
thetical pond food chain, in kJ m~? yr~!. Assume for SAQs 44-47 that consump- 
tion is equivalent to assimilation. 


—_— OO OO ee — — 


Gross primary production Respiration 
pee mesos er SST SUS 8: 1505 TS > Se lam a os Sener 
phytoplankton 2.6 x 10+ 1.2 x 10+ 
a ee ESE SIRES Sete ease SAE a a STS EI ee 
Consumption Respiration 
ethic nda paclaldaeeeaaaleainic titans Rada ieitie Gack nn 
zooplankton 1.0 x 10+ 3.6 x 10° 
insect larvae 4.8 x 10° 3.2 x 10° 
fish 1.7 x 10° 6.7 x 10? 


_ 


SAQ 44 (Units 25) From the data in Table 3, could the zooplankton 
derive all the nutrients that they need from the phytoplankton? 


SAQ 45 (Unit 25) Could the fish feed exclusively on insect larvae? 


SAQ 46 (Unit 25) Could the insect larvae feed exclusively on the zoo- 
plankton? 


SAQ 47 (Unit 25) Is it possible for the zooplankton to be a sufficient 
food source for both insect larvae and fish? 


214 Peo: A OUESTION OF 
BALANCE 


The importance of the study of islands in the development of evolutionary 
theory is that they provide a limited number of niches and a degree of 
isolation. On the Isles of Scilly (Figure 8b), the populations of the meadow- 
brown butterfly (Maniola jurtina, Figure 8a) have been extensively studied 
because of the variation that occurs in wing pattern. Each forewing has a 
single large spot. The hindwing is usually spotted, but the number of spots 
varies from 0 to 5. This spotting is under the control of several genes at 
different loci, probably on different chromosomes. 


Northwethel 


(b) 


FIGURE 8 (a) The meadow-brown butterfly, Maniola jurtina, showing the spots 
on the hindwing. (b) The Isles of Scilly. 


[] What is the evolutionary significance of a character such as wing spot- 
ting being under the influence of a number of different genes? 


M@ With a number of genes involved in the production of spots, there is 
much greater scope for variation. For example, if there were six genes 
involved, mutations would be likely to affect the spots six times more 
often than if only a single gene was involved. Obviously there would be 
a greater chance of a mutation occurring that might change the fitness 
of the organism. 


In Cornwall the boundary between two populations of the meadow-brown 


butterfly is so sharp that it can be defined as a single hedgerow, albeit 
variable from year to year. Clearly, the isolation cannot be geographical in 


13 


this case. On the Isles of Scilly there are different populations of this same 
butterfly on different islands—a situation similar to the distribution of 
finches on the Galapagos Islands, which you saw in the TV programme 
associated with Unit 19, ‘Darwin and diversity’. On one island, Tean, three 
distinct populations have been identified. This difference will be investigated 
in the programme. : 


The selective forces that keep populations in balance are often easily dis- 
turbed, particularly by human intervention. Humans move members of 
populations all over the globe, thus bringing into competition for niches 
animals that could never have met naturally. Humans also change the 
environment, both intentionally and unintentionally and draw heavily upon 
its resources. Although the Course has been principally about balance in 
nature, there is the other side of the coin—imbalance. This TV programme 
explores the balance of nature versus the imbalance of human intervention. 


3 CONCLUSION 


We started this review by discussing two major threads that run through 
the biology Units—the diversity of organisms and their unity at the level of 
cell structure and function. We then considered inheritance, evolution, © 
natural selection, molecular biology and homeostatic systems in the context 
of digestion. Finally we calculated figures for energy balance in an eco- 
system. So, a third thread can be identified: balance, and although the prin- 
ciple of balance has been held up as being essential in biological systems, 
there are occasions when imbalance occurs. 


In the television programme ‘A question of balance’ we look at balance and 
imbalance in the environment, including the imbalance that can be pro- 
duced by human activities—the introduction of animals that do not occur 


- naturally in this country; the effects of excessive nitrogen in surface run-off 


from farms; the changes on the seashore produced by oil pollution. 


The very sharp dividing line between the two populations of the meadow- 
brown butterfly population in Cornwall argues for a very precise balance 
between selective forces, but how that balance is achieved is unclear. It does 
demonstrate the complexity of the processes that produce the enormous 
diversity of form and function in the natural world, and the importance of 
understanding these processes if we humans are ever to live in balance with 
our environment. 


‘Disturbing the balance of nature’ is a cliché that is often applied to human 
interference with ecosystems, but not all imbalance in nature is attributable 
to human intervention. There have been periods during the Earth’s history 
when major changes in the animal and plant populations have occurred 
through imbalance. The balance of selective forces that maintained the 
supremacy of the dinosaurs must have been dramatically upset for there to 
be such a rapid (in evolutionary terms) decline in their populations at the 
end of the Cretaceous Period, 65 million years ago. 


You now return to the Earth sciences section of the course. In the Units 
that follow you will be looking at some fossils from the Cretaceous, as well 
as from other Periods. Some are similar to forms living today, others rep- 
resent organisms long extinct, so you will still be looking at evolution, 
although in a very different context! Throughout your study of the eight 
biology Units you have drawn extensively on your knowledge of physics 
and chemistry. In the following Earth sciences Units you will need some of 
your biological knowledge, which demonstrates that although we have 
divided this Course into four disciplines, what you are really studying is an 
integrated Course in science. 


SAQ ANSWERS AND COMMENTS 


SAQ | A complete list of the kingdoms is given on the 
back cover of this binding. 


SAQ 2. The correct hierarchical order for the cate- 
gories below kingdom is: (i) phylum; (ii) class; (iii) 
order; (iv) family; (v) genus; (vi) species. 


SAQ 3 These are all flagged terms, and definitions of 
them can be found in the Glossary. The correct hierar- 
chical order is: (i) organism; (ii) organ; (iii) cell; (iv) 
organelle; (v) chromosome; (vi) gene. 


SAQ 4 The structures in Figure 1 are: A and F mito- 
chondria; B nucleus; C polysome; D chloroplast; E 
endoplasmic reticulum; G and H ribosomes. 


SAQ 5 (a) Figure 2a is a plant cell; Figure 2b is an 
animal cell. (b) Organelle A is a chloroplast; organelle B 
is a mitochondrion. (c) The major process occurring in 
organelle A is photosynthesis: carbon dioxide and water 


prophase I 


(d) 


metaphase I 


(g) 


anaphase I 


(e) 


telophase I 


(a) 


being taken in, oxygen and carbohydrate being pro- 
duced. (d) Organelle B is metabolizing pyruvic acid 
derived from glucose to produce carbon dioxide and 
water. 


SAQ 6 (a) The main purpose of mitosis is the pro- 
duction of somatic or body cells, while that of meiosis is 
the production of gametes. (b) The cells resulting from 
mitosis are genetically identical to each other and to the 
original cell (except for possible somatic mutations). 
They are diploid cells. Cells resulting from meiosis have 
half the number of chromosomes of the original cell and 
are haploid. Through recombination, the chromosomes 
are also likely to have altered from those in the parent 
cell. 


SAQ 7 The answers are given in Figure 9. Remember 
that homologous chromosomes separate during the first 
meiotic division, and chromatids separate during the 
second. 


FIGURE 9 Answer to SAQ 7. 


metaphase II 


(c) 


anaphase II 


(b) 


telophase II 


(f) 


SAQ 8 Figure 4 shows (late) prophase I. The struc- 
tures are: A nucleus/nuclear envelope; B chromatid; C 
pair of homologous chromosomes; D cell membrane; 
E chiasma; F centromere; G one chromosome, com- 
posed of two chromatids. 


SAQ 9 In Figure 4 homologous chromosomes are 
paired and chiasmata indicate that crossing over has 
occurred. In mitosis, homologous chromosomes would 
not be paired, and so crossing over cannot occur. 
However, each chromosome would be seen to consist of 
two chromatids joined by a centromere. 


SAQ 10 These are all flagged terms, and definitions of 
them can be found in the Glossary. An example of an 
acceptable answer to this kind of question is: (a) a gene 
is the unit of inheritance and is in essence a length of 
DNA on a chromosome. Many genes exist in alterna- 
tive versions which are termed alleles (e.g. gene for 
blood group, allele for blood group A or for blood 
group B). The position of a gene on a chromosome is its 
locus. 


SAQ I! (a) True. Mutations are rare events; for 
example, brown coat in mice has a mutation rate of 
8 x 107° (see Unit 21, Table 2). 

(b) True. Mutations are random events. 

(c) True. Ionizing radiation has been shown to produce 
mutations. 

(d) False. Most mutations are disadvantageous. 


SAQ 12 If brown is dominant, both parents must be 
homozygous for the allele for black (i.e. bb) or else they 
would be brown. Normally they would produce only 
gametes carrying the b allele, and thus black bb off- 
spring. In this case there must have been a mutation in 
one of the gametes so that the brown female is hetero- 
zygous (Bb). 


SAQ |3 With brown recessive, the genotype of the 
brown female must be bb. Each of her parents must 
have contributed a b allele. On the other hand neither 
of the parents can be homozygous for b (i.e. bb) or they 
would be brown. Both parents must have been hetero- 
zygous (Bb), the recessive allele having started to spread 
through the population since arising through mutation. 


SAQ 14 _ If brown is recessive, she must be bb (SAQ 
13), whereas he, being black, could be Bb (like their 
parents) or BB. If he is Bb, half their offspring (on 
average) will be black (Bb) and half brown (bb) (Figure 
10a). However, if he is BB then all their offspring must 
be black (B b). 


If brown is dominant, she must be Bb and he must be 
bb (SAQ 12). Again, half their offspring (on average) 
will be brown (Bb) and half black (b b) (Figure 10b). 


Thus, if half the offspring are black, and half are brown, 
a further cross is required to decide the issue. An appro- 
priate cross is mating two black offspring of the 
brother-sister mating with one another. If brown is 
dominant, then both these black offspring must be bb 
and all their offspring must also be black (b b). However, 
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if brown is recessive then both the black offspring must 
be Bb and they will produce black (BB and Bb) and 
brown (b b) offspring in a 3:1 ratio (Figure 10c). 


male x female 
PARENTS Bb bb 
GAMETES B b b 
OFFSPRING Bb bb (a) 

male x female 

PARENTS bb Bb 
GAMETES b B b 
OFFSPRING bB bb (b) 

male x female 
PARENTS Bb Bb 
GAMETES B b B b 
OFFSPRING BB bb bB Bb (c) 

In summary; 
brown female x black male 


SS 4s Se 


IF 1 black : 1 brown IF all offspring black 
BLACK DOMINANT 


black offspring crossed 


ee _ 


IF all offspring black IF 3 black : 1 brown 
BROWN DOMINANT BLACK DOMINANT 


FIGURE 10 Answer to SAQ 14. 


SAQ |5 No. If brown is recessive we would expect a 
quarter of the offspring on average to be brown (b b)— 
maybe one or two out of six. However, with such small 
numbers there might by chance have been no brown off- 
spring in this family. This shows that it is sometimes 
necessary to be cautious in interpreting the results of 
crosses that produce relatively small numbers of off- 
spring. 


SAQ 16 The genotype of most of the mice in the 
population is bbtt. The brown female’s genotype is 
Bbtt, while that of the short-tailed male is bb T t. The 
male produces two sorts of gamete (b T and bt) in equal 
numbers, and so does the female (Bt and bt). The 
mating can be represented by Figure 11. Thus, there will 
be four genotypes and four phenotypes in the next gen- 
eration, in a ratio of 1:1:1:1. 


female gametes 


Bt bt 
BibT? bbTt 
brown coat black coat 
short tail short tail 
male 
gametes 


bbtt 


Bbtt 


black coat 
long tail 


brown coat 
long tail 


FIGURE 11 Answer to SAQ 16. 


SAQ |7 These are flagged terms, and definitions of 
them can be found in the Glossary. 


SAQ |18 Handling small seeds is very difficult with a 
large beak; similarly, breaking open large seeds with a 
small beak is also difficult. A reasonable hypothesis is 
that beak size and the shape and size of seeds eaten are 
related in some way. 


SAQ 19 G. conirostris has a smaller beak on Tower 
Island than on Culpepper Island, and the same applies 
to G. difficilis. It appears that G. magnirostris provided 
competition for G. conirostris, resulting in selection 
pressure in favour of smaller beaks, and the population 
of G. conirostris evolved in that direction. This in turn 
provided competition for G. difficilis, which evolved 
similarly. Of course it could be argued that the absence 
of G. magnirostris on Culpepper Island favoured the 
evolution of larger beaks in the other two species, and 
also their divergence from one another, leading to less 
competition for seeds of similar size. 


SAQ 20 Large-beaked G. conirostris individuals would 
find themselves in direct competition for large seeds 
with the larger G. magnirostris. Small-beaked G. coni- 
rostris individuals would be in competition with the 
smaller G. difficilis for small seeds. In these com- 
petitions, small-beaked G. conirostris individuals would 
do better than the large-beaked individuals. They would 
therefore tend to leave more offspring. If beak size was 
inherited to any extent, the G. conirostris population on 
Tower Island would gradually evolve a smaller beak 
than the population on Culpepper Island by means of 
natural selection. Alternatively, it could be argued that 
on Culpepper Island, G. conirostris individuals free of 
competition from G. magnirostris were able to make use 
of larger seeds and left more offspring than smaller- 
beaked individuals, thus allowing beak size to evolve 
upwards, again by natural selection. 


SAQ 2! Larger islands tend to have more species of 
finch—presumably because they offer a wider variety of 
niches. The proportion of endemic species tends to 
increase towards the edge of the archipelago. Finches 
are weak fliers, so colonization of the outer islands from 
the inner islands and vice versa will be relatively rare 
events. Because of this, a mutation arising on a remote 
island like Cocos, and achieving fixation there, is very 
unlikely to enter the gene pool of the populations on 
other islands. 


SAQ 22 The completed description is: 


The mRNA molecule has a precise sequence of bases 
complementary to the sequence of bases on the coding 
strand of DNA. Each amino acid is brought to the 
correct location on the mRNA by a small tRNA mol- 
ecule. If the sequence of bases in the DNA is changed, 
there will be a change in the mRNA sequence, and thus 
in the sequence of amino acids in the polypeptide chain. 


SAQ 23 A change of a single amino acid in a protein 
is a change in primary structure. The result of this may 
be a change in the higher-order structure that would 
alter the shape of the protein. If the protein is an 
enzyme, the active site could be altered, and thus the 
activity of the enzyme would change. The change may 
not be large enough to make the enzyme inactive, but it 
is possible, as the active site in some enzymes is highly 
specific. 


SAQ 24 There is no unequivocally correct (or 
incorrect) answer to this question! 


Because the genetic code is degenerate, it is possible 
that substituting one base for another (a) will make no 
difference to the amino acid coded for—and therefore 
no difference to the functioning of the enzyme. Even if 
the amino acid is different, the enzyme may function 
normally—if the active site is not affected. 


Deletion (b) or insertion (c) of a single base in the DNA 
is more drastic than the substitution of a base. This is 
because the reading frame will be shifted and all the 
succeeding triplets will be read incorrectly. Of course, if 
most of the codons occur before the frame shift this may 
not matter. 


Deletion of a sequence of three bases (d) will shorten the 
polypeptide by one amino acid. This will be the only 
effect if an entire codon is deleted. However, if the dele- 
tion straddles two codons then it is possible that two 
amino acids will be different as well. Obviously, the 
more changes there are the more likely it is that the 
enzyme’s function will be altered. However, it is impor- 
tant to note that there will be no shift in the reading 
frame of the codons directly affected by the deletion on 
the N-terminal side. 


Insertion of a sequence of three bases (e) will add an 
amino acid to the polypeptide. It could also alter two 
amino acids if the insertion is into a codon rather than 
between codons. Again, there will be no changes on the 
N-terminal side. 


Any of the changes discussed could result in a ‘stop’ 
codon appearing where it was not required. Premature 
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termination of a polypeptide is very likely to render an 
enzyme non-functional. 


SAQ 25 From Table 2 you can see that the mRNA 
codons for valine are GUU, GUC, GUA and GUG. 
Those for glycine are GGU, GGC, GGA and GGG. A 
change of the base in the middle position from U to G 
could account for the replacement of valine by glycine. 
Because DNA and mRNA codes are complementary, 
there must have been a change of A to C at the same 
position in the DNA. 


SAQ 26 Some a-l,4 glycosidic bonds in_ poly- 
saccharides—such as starch in food—are hydrolysed by 
saliva. The pH of saliva is normally about 7, the 
optimum for this enzyme. 


SAQ 27. The completed description is: 


Enzymes are globular proteins. Each has a higher-order 
structure dictated by its primary structure of a sequence 
of amino acid residues. An enzyme lowers the activation 
energy of a reaction, as a consequence of binding its sub- 
strate to an active site. The product is then released from 
the active site, leaving the enzyme unchanged. The 
specificity of the enzyme is a consequence of the shape 
of the active site. 


SAQ 28 The reaction 1s: 


amylose + water ——— dextrins 


SAQ 29 The first tube to show the presence of sugars 
would be tube D. Enzyme activity is related to pH and 
temperature. The optimum pH for amylase is likely to 
be the pH of the saliva solution in which it is found, so 
the saliva in tubes A and B would be at the wrong pH. 
A pH value of 2 might well denature the enzyme. The 
rate of enzyme-catalysed reactions increases with tem- 
perature up to the point where a higher temperature 
begins to denature the enzyme. The reaction in tube D 
will go faster than the reaction in tube C as tube D is at 
a higher temperature, but neither tube is far from the 
normal body temperature of 37°C, so the enzyme will 
not be denatured. 


SAQ 30 Option (b) is correct. Amylase has a pH 
optimum of around 7. Since the pH of the stomach con- 
tents is 4 (shown on Figure 7), hydrolysis will probably 
cease. 


SAQ 31 The effector is the muscular wall of the 
stomach. You might have been tempted to say the 
pyloric sphincter was the effector, but it is clear from 
the description that the force of contraction of the 
muscle drives fluid through into the duodenum. The ref- 
erence level is pH 7 in the duodenum. The contractions 
of the muscular wall of the stomach are produced by 
the action of nerves. Since the effector is under nervous 
control, you should expect to find the monitor in part of 
the nervous system, the brain or spinal cord. 


SAQ 32. The monitor would receive information from 
receptors, and you could deduce that there would prob- 
ably be pH-sensitive receptors in the duodenum and 
perhaps stretch receptors in the stomach wall. 
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SAQ 33 Control is exerted by means of negative feed- 
back. When the contents of the duodenum become too 
acidic, the flow of fluid from the stomach is slowed or 
stopped until the correct level of alkalinity is restored. 


SAQ 34 Stomach emptying is a homeostatic response, 
which maintains a relatively steady pH in the duo- 
denum. Also, the flow of fluid into the whole intestine 
will be kept relatively even by the action of the feedback 
loop. 


SAQ 35. Amylase, at pH 7. The pancreatic enzyme has 
to break down polysaccharides into monosaccharides, 
which is what amylase does in the saliva. So the pancre- 
atic enzyme will closely resemble amylase. It is likely to 
have a pH of 7 since that is the pH measured in the 
duodenum (Figure 7). 


SAQ 36 The enzyme that you should expect to find is 
carbonic anhydrase which, you should remember from 
Unit 23, catalyses the formation of bicarbonate ion 
from carbon dioxide and water. 


SAQ 37 The blood from the intestine, which is rich in 
glucose, goes straight to the liver, a major component of 
the homeostatic system that controls blood sugar level. 
Because blood goes to the liver before returning to the 
heart, and because the liver can store glucose, the liver 
can exert efficient control over the blood sugar level. 


SAQ 38 Glucose is stored as a long-chain polymer 
called glycogen. Glycogen is relatively insoluble which 
makes it a suitable storage compound. Glucose is highly 
soluble, which means that it circulates easily in the 
blood. It would not be possible to store glucose at a 
high concentration in the liver as it would be contin- 
ually diffusing back into the blood down its concentra- 
tion gradient (Unit 23). 


SAQ 39 Glucagon and adrenalin. The hormone 
insulin is produced in the pancreas. 


SAQ 40 Blood glucose level is regulated by a homeo- 
static mechanism. The level is maintained around 
4mmoll1~?. 


SAQ 41 The basic equation for photosynthesis is 


solar energy 


CO, +H,0 


[CH,O] + O, 


SAQ 42 Definition (a) refers to an autotroph, and defi- 
nition (b) to a heterotroph. 


SAQ 43 Herbivores, decomposers and detritivores. 
Herbivores feed on plants, decomposers break down the 
remains of other organisms and detritivores feed on 
organic particles in the environment. 


SAQ 44 Yes. The phytoplankton production available 
for the zooplankton to consume is gross production 
minus respiration = 1.4 x 10*kJm~’yr~*. The zoo- 


plankton require only 1.0 x 10*kJm~7 yr’. 


SAQ 45 No. The fish need 1.7 x 10°kJm~7yr“}, 
whereas the insect larvae can only provide 1.6 x 10° 
kJm~?yr~*. Other sources of food must therefore be 
available (you were told that the food web was 
incomplete). 


SAQ 46 Yes. The insect larvae need 4.8 x 10°kJ 
m~*yr~', which is less than the zooplankton pro- 
duction (6.4 x 10°kJ m~? yr~'). 


SAQ 47 Not if the populations are to remain at their 
present levels. The sum of insect larvae and fish require- 
ments is 6.5 x 10°kJm~*yr~‘, whereas zooplankton 
could provide only 6.4 x 10°kJm~? yr—?. 


maven POR UNIT 26 


Unlike the indexes in other Units, this index refers to SAQs and SAQ answers as well as to the main text. There are no new 
flagged terms. 
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anaphase, 5, 15 
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aquatic food chain, 12 
assimilation, 12 
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base, 8, 18 

bicarbonate ions, 11, 18 
binding, 10, 18 

biochemistry, 9—12 

birds, 6—7, 14 

blood glucose levels, 12, 18 
blood group, 16 

bloodstream, 9, 11 

butterfly, meadow-brown, 13-14 


Camarhynchus (tree finch), 6 
capillary network, 12 
carbohydrate, 15 
carbon dioxide, 11, 12, 15, 18 
carbonic anhydrase, 18 
carnivores, 12 
catabolism, 9 
cell, 3, 15 

animal, 4, 15 

division, 4-5 

membrane, 4, 16 

metabolism in, 9 

plant, 4, 15 

wall, 4 
centromere, 16 
Certhidia (warbler finch), 6 
chiasma, chiasmata, 16 
chloroplast, 15 
chromatid, 5, 15, 16 
chromatin, 4 
chromosomes, 3, 5, 6, 13, 15, 16 
class, 3, 15 
codons, mRNA, 9, 17, 18 
colonization, 8, 17 
competition, 8, 14, 17 
concentration gradient, 18 
consumers, consumption, 12 
control, 18 
Cretaceous Period, 14 
crosses, genetic, 6, 16 
crossing over, 5, 16 


Darwin, Charles, 6 
decomposers, 18 

deletion (of a base), 8, 17 
denaturation (of enzyme), 18 
detritivores, 18 

dextrins, 18 

digestion, 9-12 

dinosaurs, 14 

diploid, 15 
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diversity of organisms, 3-4, 6, 14 
DNA, 8, 16, 17, 18 
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duodenum, 10, 11, 18 


ecology, 12-14 

ecosystems, 13-14 

effector, 11, 18 

endemic species, 7, 8, 17 

endoplasmic reticulum, 15 

energy flow, 12 

enzymes, 8, 9-10, 11, 17, 18 
activity, 17, 18 

evolution, 6-8, 13 


family, 3, 15 

feedback loop, 11, 18 

finches in Galapagos Islands, 6-8, 14, 
17 

fish, 12, 13, 19 

fitness, 6, 8, 13 

fixation, 17 

food web, aquatic 12, 18-19 


Galapagos Islands, 6-8, 14 
gall bladder, 10 
gametes, 15, 16, 17 
gastric juices, 10 
gene. 3, 5, 3.43, 15,16 
gene pool, 17 
genetics, 5—6, 13 
genotype, 5, 6, 17 
genus, 3, 15 
geographical isolation, 8, 13 
Geospiza (ground finch), 6-8 
G. conirostris, 7—8, 17 
G. difficilis, 7-8, 17 
G. magnirostris, 7-8, 17 
globular protein, 10, 18 
glucagon, 18 
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glycogen, 18 
gross primary production, 12 
growth, 4 


haploid, 15 

heart, 12 

herbivore, 18 

heterotrophs, 12, 18 
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higher-order structure, 10, 17, 18 
homeostasis, 11, 12, 14, 18 
homologous chromosomes, 15, 16 
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hormones, 12, 18 

human activity, 14 

hydrochloric acid, 11 

hydrolysis, 11, 18 


imbalance, 14 
immigration, 14 
independent assortment, 5 
inheritance, 5—6 
insects 

butterfly, 13-14 

larvae, 12, 13, 19 
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insulin, 12, 18 

ions, bicarbonate, 11 

islands and evolutionary theory, 6—8, 
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larvae, 12 
Linnaeus, 3 
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locus, gene, 5, 13, 16 
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messenger RNA codons, 9, 17, 18 

metaphase, 15 

mitochondria, 15 

mitosis, 4, 5, 15, 16 

molecular biology, 8—9, 14 
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monosaccharides, 11, 18 
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mouth, 10 

mRNA, 8, 17 

mRNA codons, 9, 17, 18 

mutation, 5, 6, 13, 16, 17 


N-terminal, 17 

natural selection, 6—8, 13, 14, 17 
negative feedback, 11, 18 
nervous systems, 11 

niches, 8, 14, 17 

nitrogen, excessive, 14 

nuclear envelope, 16 

nucleolus, 4 

nucleus, cell, 4, 15, 16 


oesophagus, 10 
oil pollution, 14 
order, 3, 15 
organ, 3, 15 
organelle, 3, 15 
organism, 3, 15 
oxygen, 15 


pairing of homologous 
chromosomes, 16 

pancreas, 10, 11, 18 
pancreatic juice, 10 
parasympathetic nervous system, 11 
peas: inheritance, 5 
pepsin, 11 
peptide bonds, 11 
peptides, 11 
pH, 

optimum, 18 

values in digestive system, 9, 10, 

11, 18 

phenotype, 5, 6, 17 
photosynthesis, 12, 15 
phylum, 3, 15 
physiology, 9-12 
phytoplankton, 12, 13, 18 
pigmentation, 8 
plasma, 11 
pollution, oil, 14 


polypeptides, 8, 17, 18 
polysaccharides, 10, 11, 18 
polysome, 15 

population, 6, 8, 13, 14, 17, 19 
positive feedback, 11 
primary structure, 10, 17, 18 
producers, 12 

product, 10 

prophase, 5, 15, 16 

protein, 8, 9, 11 

pyloric sphincter, 10, 11, 18 
pyruvic acid, 15 


radiation, ionizing, 5, 16 
reading frame, 17 
receptors, 
pH-sensitive, 18 
stretch, 18 


recessive character, 5, 6, 16 
recombination (of genes), 5, 15 
red blood cells, 11 

reference level, 11, 18 
reproduction, 4 

reproductive isolation, 8 
ribosomal RNA, 8 

ribosomes, 8, 15 


saliva, 9, 10, 18 
Scilly Isles, 13-14 
shores, 14 

solar energy, 18 
solar radiation, 12 
somatic cells, 15 
speciation, 8 
species, 3, 6, 8, 15 
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